The Middlesex Hospital, London):
By far the commonest type of case we meet with in general surgical practice which presents severe nutritional problems is the patient with gross, organic disease of the alimentary tract, whose disease prevents adequate replenishment by oral feeding and who probably requires surgery in the immediate future. Obvious examples of this class of case are provided by patients with malignant disease of the upper alimentary tract. Thus of the last 16 cases of carcinoma of the stomach or cesophagus admitted to the Department of Surgical Studies, the Middlesex Hospital, 6 have required preparation for operation by intragastric tube feeding, and 4, or one quarter, by intravenous fluids, and it is this latter type of case which I shall discuss.
In these patients the nutritional disturbance arises from a combination of deficient intake of all constituents of the diet, together with abnormal and excessive losses from vomiting, diarrhoea or fistula formation. These events may easily, and frequently do, lead to a markedly adverse balance in the patient's fluid, electrolyte, protein and calorie exchange. Each one of these deficits is, in itself, highly undesirable and leads to a whole series of events which are prejudicial to the patient's ability to withstand illness and operation. However, they fall into two contrasting groups in that deficits of fluid and electrolytes readily give rise to an obviously serious condition which can be rapidly fatal, but yet which can be corrected comparatively quickly and simply, and furthermore which must be corrected at least in part if surgery is to be carried out successfully. On the other hand, the effects of a protein and calorie deficit are much more insidious in their development and manifestations, are frequently only corrected with difficulty and over a period of time, and in many cases can be neglected with apparent impunity. In practice it is necessary to deal with these equally important aspects of the problem together, but for purposes of discussion it is simpler to separate them, and whilst later speakers will deal with the problem of protein and calorie administration, I will confine my remarks to the management of disturbances of fluid and electrolyte balance before and immediately after operation, disturbances, which to my mind, constitute the most urgent nutritional challenge in this type of case.
The first step in the preparation for surgery is obviously the diagnosis of the presence of a deficiency, followed by an estimation of its size, and of the extent to which water and the various electrolytes contribute to this deficit. In the great majority of these cases the fact that a deficit exists is immediately apparent, but it is important to be constantly on the look-out for less obvious but none the less serious deficiencies in any patient who has an interference with his normal intake or who has abnormal losses. No elaborate investigation is needed to disclose such a deficit, and if there is any doubt the point can be settled with certainty by keeping an accurate intake and output chart for twenty-four to forty-eight hours.
However, though the recognition of the presence of a deficiency is simple, it is unfortunately not so easy to arrive at an accurate assessment of its size or the degree to which water or salt, that is sodium, depletion contributes to the whole picture. At the moment there is no one single test simple enough for routine clinical usage which will give a reliable estimate of the size of the deficit, and such an estimate can only be arrived at by a careful consideration of the available clinical and biochemical evidence. In assessing this evidence it is important to bear in mind the size of the fluid compartments in the body with which we shall be dealing and also the fundamentally different effects of sodium and water depletion. Fig. 1 shows the main facts of the distribution of body water in an unusual form. The normal daily exchange of water is equal in amount to one-seventh of the extracellular space, and daily there is secreted into the alimentary tract some 8 litres of digestive fluids containing an essentially isotonic concentration of electrolytes; it is thus apparent that we may easily see patients with a deficit amounting to several litres of water and saline.
Whilst this figure suggests that the composition of the various body spaces differs, it does not perhaps emphasize this enough when we recall that the intracellular fluid has as its main ions potassium and phosphate, in contrast to the presence of sodium and chloride in the extracellular space, from which it is separated by a membrane freely permeable to water but relatively impermeable to electrolytes. Nor does this picture remind us of the fact that one of the most important properties of these fluids is their osmotic pressure, which the body guards most zealously, so conferring on the irreplaceable sodium ion a dominant position in the body economy. It is this over-riding importance Nov. Fig. 3 . Here the two compartments into two portions representing the intra-and extracellular represent the two components of the compartments: the concentration of electrolytes is shown by extracellular space, the intravascular the dots. Water depletion initially causes extracellular space or plasma, and the interstitial hypotonicity, which is compensated for by a shift of water out space, the two differing in composi-of the cells leading to intracellular dehydration. Salt tionw oniy by the presence of protein in depletion initially causes extracellular hypotonicity: in the the former. Water depletion, as we have mait is compensatd for by an excretion of water, leading to extracellular dehydration. (Reproduced from the seen, causes little or no diminution in the author's "Fluid Balance in Surgical Practice"', 1954, by kind size of the extracellular space, so that the permission of Messrs. Lloyd-Luke (Medical Books) Ltd.
concentration of protein and electrolytes will be normal until late in the condition when both will show a progressive rise: the urine output will, of course, be very low with a urine of high specific gravity and salt concentration, the latter usually being measured in the form of chlorides. In contrast to this picture, the contraction in salt depletion largely affects the extracellular space, and in particular the interstitial space as the osmotic force of the plasma proteins maintains the plasma volume until late in the condition, when a steadily falling circulating volume will lead to postural hypotension and eventually the full-blown picture of peripheral circulatory failure. This fall in the plasma volume is reflected by a rising protein concentration and hemoglobin figure, though the plasma electtolyte figures will only fall late in the condition. Assuming the water intake is normal the urine in pure salt depletion will be copious and of low specific gravity, but its main feature will be the complete absence or very low concentration of salt (usually measured as chlorides). As well as these biochemical differences the two conditions present markedly different clinical features. In water depletion thirst is present and prominent but there are few clinical signs. In pure salt depletion thirst is absent, but the patient feels lethargic and drowsy, the skin is dry and lacking in its usual elasticity, and as the condition develops there will be postural hypotension followed by vomiting and a state of peripheral circulatory failure indistinguishable from shock. The occurrence of these last two symptoms as a result of salt depletion needs emphasis, as a failure to recognize their true cause may lead to serious mistakes in treatment. The problem, then, in a typical case of mixed deficiency is to isolate from the whole picture the telltale signs of these two basic depletions. The patient's story may help considerably by indicating the length of time over which the intake has been absent or inadequate, and some idea of the quantity and nature of abnormal losses, whilst the clinical examination may reveal some or all of the signs just When considering the biochemical evidence it is important to concentrate on the essential investigations and usually four simple tests are adequate, namely the urine specific gravity, the urine chloride concentration, the hemoglobin or plasma protein concentration and the blood urea concentration. A raised urine specific gravity, above 1015 or more, is diagnostic of water deficiency whilst a low or zero urine chloride figure is equally strong evidence of salt depletion, particularly when the urine volume is low. The hemoglobin or plasma protein figure gives an indication of the degree of hxmoconcentration and so extracellular contraction, and the blood urea concentration is a very sensitive index of depletion as it is raised by either water or salt depletion. It is to be noted that quite severe degrees of depletion can exist with normal concentrations of serum electrolytes and their estimation is not essential except in difficult cases.
Based on this clinical and biochemical examination of the patient it is possible to arrive at an assessment of the extent and nature of the depletion, and in this final analysis it is helpful to remember 983 Proceedtngs of the Roqyal Society of MediciTne 54 that in a patient with moderately severe signs there is probably a deficit of some 3-4 litres, largely extracellular in acute cases but more evenly distributed in chronic states. With this estimate made replacement can now begin, the fluid required being given over and above the basic intake over a period of twenty-four to seventy-two hours depending upon the circumstances. During this period every case should be treated as a therapeutic experiment, and the effects of treatment on the clinical and biochemical changes carefully observed every twelve to twenty-four hours. In this way the initial and subsequent findings gain greatly in significance when assessed in relation to the treatment given and the final stages of replenishment can be accurately controlled. This process of replenishment is complete when all clinical signs of depletion have disappeared, when the blood urea, plasma protein and serum electrolyte concentrations are stable within normal limits, and when the urine volum-te exceeds one litre per twenty-four hours with normal specific gravity and chloride concentration.
These points are well brought out by Fig. 4 , showing the observations made during treatment of a man with severe pyloric stenosis, who was grossly depleted on admission and who had been losing essentially equal amounts of Na and Cl. During the four days needed to effect replenishment he received some 5 litres of fluid daily by intravenous drip, consisting of about equal parts of dextrose and saline. During this replacement there was a weight gain of 14 lb. in four days, indicating that the initial deficit was in the neighbourhood of 6 litres, and the upper graph shows the steadily rising urine volume as this water deficit was made up. This rise in urine output was also accompanied by a steady drop in urine specific gravity from 1025 down to a normal figure of 1006, and by a return of the blood urea from the high figure of 50 mg. % down to normal levels (26 mg. %). The lowest graph shows the data relevant to salt depletion: initially there was virtually no chloride in the urine, but gradually both the absolute amount and concentration rose as treatment proceeded, and indeed at one stage the replacement was probably excessive, but both figures were within normal limits after five days. This replacement of salt resulted in a return of the extracellular space to normal size, and this is shown by the steep fall in hiemoglobin concentration, but it is to be noted that even in the presence of such a severe deficit as this there was a relatively minor alteration in the serum chloride concentration. This case illustrates well how, by their repetition, simple observations gain greatly in significance, and enable even large deficits to be successfully assessed and replaced. It is worth noting that the hxmoglobin figures in this case show a fall of some 25 % in three days. These patients are frequently not only dehydrated but also anamic. This anaemia may well be masked initially by the hkmoconcentration and only revealed as treatment proceeds; this should be carefully watched for, so that blood can be given before the hxmoglobin reaches a dangerous level, and in this case the hemoglcbin was only maintained above 80% by giving 2 pints of blood during the third and fourth days.
In my experience it is only rarely necessary to use special solutions to counteract acid-base disturbances, as in most cases the kidneys are capable of making the requisite adjustments. However, many of these cases do require a special solution of another kind, namely potassium. Potassium deficiency occurs most characteristically in the post-operative period, but a significant potassium depletion of some 200-300 m.Eq. may easily be seen under the conditions being discussed and its replacement is important, though this should not be started on until the major deficit of water and salt has been largely replaced, and until the urine output has been restored to at least 1 litre per twenty-four hours. At this stage the need for potassium can be gauged by estimation of the serum K concentration and by looking for the changes of K deficiency in an ECG tracing. If potassium is required and must be given intravenou. ly it is wise not to exceed a total daily dosage of 80 mEq., that is the amount contained in 6-0 grams of potassium chloride, and this should not be given at a rate in excess of 20 mEq./hour. We have used extensively a solution containing 40 mEq. K, that is 3 0 grams KCl, per litre of 5 % dextrose. Concentrations higher than this are painful to administer and possibly dangerous, but we have seen no ill-effects from this solution.
Whilst it is usually not too difficult to correct the various deficits in the manner described, the maintenance of equilibrium by intravenous routes for any length cf time requires delicate biochemical juggling, and necessarily involves an increasing calorie and protein deficit. This latter point was well illustrated by one of our patients who, in the nine days spent preparing him for operation, lest 22-7 grams of nitrogen, which is equivalent to 715 grams of beefsteak. Accordingly, unless feeding into the alimentary tract can be established in some way, it is important to proceed with surgery promptly. Now, during recent years many very abstruse articles have been written about the endocrine changes which occur after operation and their effect upon the administration of fluids. There is no doubt that the subject is a complex one and much is still obscure, but the essential core of the situation is quite plain. After operation there is a metabolic disturbance, apparently in the main due to an increased secretion of adrenocortical hormones and of the anti-diuretic hormone, resulting in an increased urinary excretion of nitrogen and potassium, and, of far more importance, a marked depression of the kidney's ability to excrete water and salt (Le Quesne, 1953 ). Fig. 5 shows the urinary output for successive four-hour periods from a patient undergoing a sigmoid colectomy, who received an absolutely constant intake of water and electrolytes for forty-eight hours before and after operation. It can be seen how operation is immediately followed by a profound fall in the rate of urine flow which lasts for thirty hours after operation, and which is accompanied by a synchronous rise in urine specific gravity. Usually this inability of the body to eliminate water normally lasts some thirty-six hours after operation, but the impairment of salt excretion is much more prolonged, lasting -Data obtained during course of treatment of a patient with severe water and salt depletion resulting from pyloric stenosis. The upper graph shows the daily urine output (blocks) and the urine specific gravity (crosses). In the centre graph the daily body-weight and hemoglobin figures are recorded. The lowest graph shows the daily, absolute urine chloride output (blocks) and the daily urine chloride concentration. See text for further details.
FiG. 5.-Data from a patient undergoing sigmoid colectomy, who received a constant intake of water and electrolytes for forty-eight hours before and after operation. For thirty hours after operation there is a profound fall in the rate of urine flow, which is accompanied by a synchronous rise in urine specific gravity. The lower graph shows that during this period of diminished urine flow the urine chloride concentration is raised, though the absolute excretion of chloride falls off (Reproduced from the author's "Fluid Balance in Surgical Practice, 1954", by kind permission of Messrs. Lloyd-Luke (Medical Books) Ltd.).
five to six days after major surgery. Fig. 6 again shows observations made on a patient receiving a constant intake of water and salt before and after operation, and demonstrates the falling off in the absolute secretion of sodium for four days after surgery, with the accompanying fall in the urine ISO ioo I0 K69 .,
Ys
?I x x N sodium and chloride concentra-0 tion. The important practical significance of these changes lies 0 in the fact that if too much glucose or saline is given after operation the excess cannot be excreted from the body but is retained, and in extreme cases this can lead to 50 water intoxication or obvious cedema formation. There is considerable disagreement as to the optimal requirements of salt and water during this period, but it is 100 important not to overdo our zeal for avoiding these dangers of overloading and to provide an intake which will allow some small margin for the various increased 150 losses which occur so commonly after major surgery. During the first twenty-four to forty-eight hours after operation the depression of water excretion is so 200_ marked that it is probably wise not to give more than 2 litres per twenty-four hours, though there-100 after the limit may be raised to 3 litres per twenty-four hours. With regard to salt, the amount contained in one half-litre of normal saline, that is 80 mEq. or 4-5 75grams NaCl, is quite adequate and does not provide sufficient to allow of dangerous retention, but in any twenty-four hours this amount should not be exceeded 50_ unless there are abnormal losses. During the last two years it has o N\ been my habit to add to this in-CL take, after the first thirty-six hours after operation, 80 mEq., that is 6 25_ grams, of KCI, each twenty-four hours, and whilst I do not suggest this is essential I am sure that, if carefully controlled, it is most valuable in preventing the develop-M.EVL 0 I 1 1 I I I I ment of hypokalhmia. 0 For twenty-four to forty-eight FIG. 6.-Data from a patient undergoing subtotal gastrectomy who hours after operation the post-received a constant intake of water and electrolytes throughout the operative metabolic changes period illustrated. The upper, "stick" graph shows the urinary sodium necessarily lead to a urine of excretion each twenty-four hours: following operation (0) this is raised specific gravity and simidiminished for six days, with the minimum excretion occurring on the larly during the second to fifth third post-operative day. This period of diminished excretion is days they cause a distinctly accompanied by a markedly lowered concentration of sodium and lowered urine chloride concen-chloride in the urine, as shown by the lower graphs.
tration. It is most important that during this period these changes should be recognized for what they are, and not taken as indicating a shortage of water or of salt, as this can lead to gross overloading.
It is my experience that in the majority of cases it is unnecessary to burden the biochemical department with extensive investigations, and these concepts give most valuable guidance for the management in the ward of these often difficult cases. Mr. R. H. F. Brain (Guy's Hospital, London): Among the many aspects of surgical malnutrition there is one which has received less attention than it deserves-namely chronic solid depletion.
REFERENCE
Recently I have made certain metabolic observations in cases illustrative of this problem.
Throughout I have tried to study, in particular, patients in the pre-operative phase who tend to develop nutritional defects as a result of surgery. I refer to the radical cesophagogastric resections and their complications (Brain and Stammers, 1951; Brain, 1953) . I have also used certain potent metabolic materials like ACTH, testosterone, and the antibiotics as aids in nutritional rehabilitation.
The use of ACTH for this purpose may at first sight seem rather contradictory, since its known effects are mainly anti-anabolic, leading to a breakdown of tissue protein and a negative nitrogen balance. Nevertheless, its beneficial effects in promoting a general feeling of well-being, increasing the appetite and thereby increasing the calorie intake are well known and have been successfully utilized in elderly people (Cole, 1953) . Testosterone therapy would appear to be founded on even better grounds as its effect is definitely anabolic. The antibiotics in small doses are apparently paying large dividends in growth and increases in weight in the agricultural world (Agricultural Research Council, 1953) and are therefore worthy of our trial for this purpose.
Causes of malnutrition.-Malnutrition in my practice is common and is seen in association with many disorders, such as obstructive states of the upper alimentary tract, severe infections like empyemas and subphrenic abscess, and neoplastic disease. In this last condition the effects are frequently multiple and may include a limitation of food intake, losses from diarrhoea or secondary sepsis, often an increased demand for food due to the growing tumour itself; Bateman (1950) has assessed this at 60 % to 90 % of the total nitrogen utilization in certain cases. New growth also may affect vital nutritional areas like the liver or the suprarenals especially where actual secondary invasion has taken place. Lastly I recognize chronic anoxia as a common cause of undernutrition. Chronic pneumothorax, many patients with mitral stenosis and, of course, blue babies are excellent examples of this. Campbell and Reynolds (1949) comment that in congenital cyanotic heart disease the average individual is only 77% of normal weight and that this is invariably associated with a very poor appetite.
I have selected anoxia for rather special mention, because I think that it has been 160 NORMAL WEIGhT (2yrs General surgical fitness and the importance of the building up of a nutritional reserve.-It is, of course, a well-recognized fact that the previously healthy and fit patient withstands the trauma of operation, the burden of tissue repair and, if necessary, a modicum of post-operative trouble with the greatest ease. Conversely we all know that patients with severe nutritional deficiency, be it solid, fluid, or a combination of both, are poor surgical risks with a higher initial mortality, they tend to heal poorly and to recover more slowly. This, however, is of course by no means always the case, many of us have seen the most gratifying recoveries from such poor risks.
We are indebted to workers in this field like Moore and Ball (1952) for the recognition of different types of nutritional response to surgery, the important one for us to consider now is the so-called "6predepleted response" which constitutes a small negative nitrogen balance following operation together with a less well-marked potassium negative balance and a potassium/nitrogen ratio approxi-mating to that found in the body tissues. This response contrasts with what we must recognize as the natural catabolic reaction to surgery which, initiated by the suprarenals, results in a generous breakdown of body tissue, and thus the release of the fundamental materials required for healing &c., and which, incidentally, makes the individual quite independent of food intake during this period, a fact pointed out by Albright and Relfenstein (1948) . In other words if the subject is poor nutritionally, then the natural catabolic response will be a small or a minimal one which conserves tissue but often to the detriment of a rapid and satisfactory recovery.
This, therefore, is the main reason why an adequate nutritional reserve is necessary, (2) It is essential to provide sufficient nitrogen in the form of protein. I have already laid some stress on its importance in the adaptive, healing, and rebuilding processes after surgery. Nitrogen is available in reserve in the form of the general musculature. Howard states that the compulsory negative balance after operation may run as high as 16 grams a day and may last up to ten days (Howard et al., 1946) .
I have provided protein in amounts equal to l 5 to 2 grams/kilo of their ideal weight, that is about four times their basic requirements. They have usually been given by mouth in liquid form as milk protein and hydrolysates. of protein since it provides so many difficulties, the amino-acid solutions seemingly suffering from a high loss rate in the urine, while opinions as to the nutritional value of plasma vary, Moore stating that its benefit is solely an osmotic one, whilst Hawkins and Whipple (1938) disagree stating that since there is no latent loss of nitrogen it must therefore be meta- Case L.-Mr. T., a 68-year-old man, presented originally with a metastatic carcinomatous gland in his neck for which no primary site could be found. Dysphagia developed eighteen months later and was quickly folloWed by a severe weight loss of 65 lb. Further investigation revealed a mid-third cesophageal growth. Intubation having failed, a feeding gastrostomy was done with a view to relieving his dysphagia later with an cesophago-jejunostomy.
Metabolic study showed that despite the rapid develop-nent of further metastases he steadily put on weight (Fig. 1) . His nitrogen and potassium balances during each of three different periods were satisfactorily positive and varied very little with the differing medical agents given during these periods (Fig. 2) . His fat and calcium balances are of interest since in the first period he has a mild steatorrhaea associated with a large negative calcium balance, whereas in his second study period a week later a nornal absorptive figure is shown, in association with a satisfactory positive calcium balance. Normal figures are shown in his third period (Fig. 3) .
Case II.-Mr. D., aged 72 years on admission to Guy's Hospital, had suffered from dysphagia for three months, he had lost 28 lb. in weight. His general condition was very poor due to a mid-third carcinomatous stricture of his cesophagus which proved to be impassable at cesophagoscopy. A gastrostomy was performed because it was felt that his general condition could be improved sufficiently to allow a thoracotomy to be done later.
This view was amply justified as on a 2,720 calorie diet he put on 12 lb. in the following three weeks (Fig. 4) . Balance studies during two periods show a satisfactory nitrogen and potassium positive figure (Fig. 5 ). It is of interest that the effect of ACTH during the second period was to reduce the positive nitrogen balance while increasing that of potassium. The use of ACTH here is almnost certainly pointless since its general effects of increasing appetite, &c., were rendered ineffective by his gastrostomy and fixed calorie intake. Similar changes in his fat and calcium balances during the two periods are seen to those in the first case, namely / --IDEAL WEIGHr --a mild steatorrhcea with a large negative calcium 180 -NORMAL WEIGHT----------balance in the first period, followed by a fat absorption approaching normal and with a small 0170 BALANCE positive calcium balance in the second (Fig. 6) . Case III.-Mr. E., aged 71 years,was admitted with a four-months' history of severe anorexia, dyspncea resulting from his anxmia, and a weight loss of over 28 lb. due to a massive prepyloric carcinoma of the stomach.
Attempted nutritional rehabilitation by transfusions and an increased diet failed because it was quite impossible to raise his caloric intake above 1,600/day whereas his basal need was 2,094/day, consequently as can be seen in Fig. 7 he continued to lose weight steadily. A nitrogen balance during this period (Fig. 8) was negative as could be expected from his low calorie intake, surprisingly his potassium balance was still just positive. He also had the moderate steatorrhcea that we have learnt to expect in such cases.
It was felt that his general condition was far too poor for a gastrectomy, consequently three weeks after his admission a gastro-enterostomy was performed under local anesthesia with a view to increasing the calorie intake and thereby improving his nutritional state prior to a radical excision. Unfortunately he was still unable to cope with an increase in his diet despite his functioning gastro-enterostomy, so that he continued to lose weight and strength. Occasional vomiting and the persistence of his severe anorexia account for this failure and probable result from the combined effects of the growth itself and his chronic anoxic state. The latter followed on his severe anemia which persisted despite transfusions and was due to the steady loss of blood from the surface of his ulcerating carcinoma. he developed an empyema which was drained. He continued to do badly and became cedematous despite an apparently adequate calorie and protein intake. Study revealed a small negative nitrogen balance entirely as a result of pus fonnation (see Fig. 9 ); his serum proteins were reduced. Despite limitation of his fluid and electrolyte intake his cedema became steadily worse, while his serum albumin fell to 1-8 grams. Repeated massive plasma transfusions of 1,000 c.c./day were used in an attempt to rehabilitate him, as recommended by Allen et al. (1950) : however, after two such transfusions on successive days he suddenly developed acute pulmonary cedema and died. There had not been a diuresis or a change in his serum protein level.
Post-mortem showed an acute liver necrosis. I wish to draw attention to this danger following massive plasma therapy and which is perhaps more likely to occur in patients having an impaired liver function. Rehabilitation was commenced using blood transfusions and a high calorie diet. At first he found his diet very difficult and some-130 IDEAL-WEIGHTtimes impossible to take, later with improving health it became noticeable that his appetite was returming and that now he was 120 enjoying his food. He soon began to put on weight and by the end o of the third week he had gained 10 lb. and was considered fit for Q -NORMAL--WEIGHT-Foperation (Fig. 10) . ' II Unfortunately at operation it was impossible to remove his 0 growth, and he was discharged home.
Q100
Case VI.-Mrs. M., aged 32 years, also presented herself to us 2 principally as a case of severe malnutrition consequent upon a 90o weight loss of 40 lb. in one month after the drainage of a right k OPERATION suprahepatic subphrenic abscess. At the time of the drainage her t 80. pleura had been opened so that she had a tension pyopneumothorax in addition. The combined effects of severe sepsis, anoxia and k , , anorexia were, no doubt, responsible for her weight loss. 70 Successful solid rehabilitation followed the deliberate raising of 0 7 14 21 her caloric intake, the appetite again noticeably improving with DAYS weight gain (see Fig. 1 1) .
FIG . 11 (Case VI) .-Weight chart. Basal A successful decortication of the right lung was done three weeks caloric requirements -1,650 c/day. Dietfollowing her admission to hospital.
2,900 c/day.
Assessment of nutritional fitness for operation.-When assessing my patients prior to operation I rely on:
A progressive increase in weight, providing that it is truly "solid'". The daily weighing of the patient seems to be a simple way of assessing the reserve that has been built up. If we accept the figures of Strang et al. (1935) (75 % fat and 25% protein as the composition of the tissue stored in response to adequate feeding following simple starvation) then for each pound of tissue stored 16 grams of nitrogen becomes available. This would provide catabolic nitrogen in the post-operative period for from one to three days, depending upon the reaction of the individual, and as this period lasts on an average from three to seven days, the possible maximum requirements of rebuilt tissue would seem to be about 7 lb. Of course this is pure supposition on my part, especially as one is comparing non-pathological cases of simple starvation with complex surgical cases. Nevertheless I like to see undernourished patients put on at least half a stone in weight before operation.
An improvement in the general well-being of the patient and especially in the appetite is obviously a good sign. An interesting clinical fact that has been noticed is that often after quite a short period of forced feeding many undemourished patients find a renewed interest in food. Unlike other writers I have not been impressed by the serum protein levels as indicators of the state of the nitrogenous reserve, since in surgical patients these may be affected by other factors such as their state of hydration or their liver function.
Dr. W. H. H. Merivale (Reader in Clinical Pathology, Guy's Hospital Medical School):
The Treatment of Disorders of Acid-base Balance and Potassium Deficiency Introduction.-It is the purpose of this paper to discuss the acute nutritional disorders which result in alterations of acid-base balance of the extracellular fluid in surgical patients before or after operation, and to indicate methods of treatment which have proved reasonably successful.
Material.-The paper is illustrated by reference to the clinical course and biochemical investigations on which treatment was based of a woman with bicarbonate depletion due to loss of pancreatic secretion, and a man with hypochlorernic alkalosis and potassium depletion due to vomiting from pyloric stenosis. Neither patient was considered as a research problem, and the investigations were made as part of routine work done on them, so that rational replacement therapy might be prescribed.
Methods.-Biochemical investigations were made by routine methods (King, 1951) and in all cases the sodium and potassium content of plasma, gastro-intestinal secretions and urine was estimated by flame-photometry.
RESULTS
Case L Mrs. C., aged 27. Estimated body weight 50 kg.
For seven days before beginning rational replacement therapy this woman had been losing between two and three litres of mixed bile and pancreatic secretion every twenty-four hours. She had been treated with intravenous infusions of sodium chloride which had kept her in fluid balance and prevented her from developing either sodium or chloride depletion. On the day on which rational replacement was started (Day 0, Diagram 1), her plasma bicarbonate was grossly reduced, at 5 6 mEq. per litre, and her plasma sodium level was 176 mEq./l., which was probably falsely high due to mixture of a small amount of blood obtained with the heparin used as an anticoagulant. Clinically she was not dehydrated nor particularly thirsty, and she did not complain of the fatigue and weakness which is often characteristic of potassium depletion. Her skin was slack and colourless, and her eyes lacked lustre and life. She looked and felt very ill. There was no tetany.
It was decided to change over from intravenous sodium chloride to * molar sodium lactate solution. This would replace the bicarbonate of the pancreatic component of the mixed secretion which she was draining. The amount she needed was calculated from her plasma bicarbonate level and her estimated weight as follows:
Plasma bicarbonate .............. . 5 6 mEq./l. Therefore for this patient 4-2 x 50 ml. M sodium lactate would be needed to raise the plasma bicarbonate by 1 mEq./l., and 4-2 x 50 x 20 ml. (4,200 nl.) would be needed to bring her plasmna bicarbonate concentration up to the lower limit of normal, without in any way replacing the continuing losses in the drainage fluids.
In the first forty-eight hours of replacement she received 582 mEq. bicarbonate (Diagram 1. Days 0 and 1) as sodium lactate intravenously, and lost 199 mEq. most of which was contained in the drainage fluid, since there was practically none in her urine. On Day 2 her plasma bicarbonate level had risen to 16m Eq./l., but bicarbonate replacement on this day failed to keep pace with the huge losses, although the following day small positive balance was regained; nevertheless in this forty-eight hour period (Days 2 and 3, Diagram 1) she was in negative balance by 123 mEq., leaving a net positive balance for the first four days of treatment of only 77 mEq. In spite of this small increment, she felt and looked very much better, and her plasma bicarbonate concentration rose by Day 4 to 22 mEq./1. That this could happen in spite of such a small positive balance of bicarbonate is partly explained by the fact that she went into negative fluid balance on Days I and 2. During the first four days, the amount of sodium lactate she received was enough to cover her sodium requirements very precisely (Diagram 3), so that she stayed in sodium balance throughout. On Day 4 she was well enough to undergo an operation for repair of the fistula by which she was draining, and thereafter she made an uneventful recovery.
This case is an interesting, though extreme, example of the biochemical distortion which results from loss of large amounts of bicarbonate. The same picture may be seen, though in milder form, in patients with duodenal fistula and cases of ulcerative colitis, especially when they have ileostomies. Replacement with sodium chloride alone was sufficient to satisfy her sodium requirements and sustain the losses of chloride in the bile, but was useless in replacing bicarbonate which was being lost in the pancreatic secretion. Lactate is metabolized fairly slowly in the liver to bicarbonate and is safer for intravenous administration than sodium bicarbonate, the use of which needs to be controlled with frequent estimations of plasma bicarbonate to guard against the development of alkalosis. Mr This patient was admitted with a history of vomiting for two months, due to pyloric stenosis from carcinoma of the stomach. He was clinically extremely dehydrated and almost comatose. His hmnoglobin concentration was 17-8 grans %, total plasma proteins 6-8 grams %, and his blood urea was 94 mg. %, laboratory evidenceof kemoconcentration. Plasma chlorides were 81 mEq./l., bicarbonate 40 mEq./l., and potassium 2-8 mEq./l., sodium 147 mEq./l. Therefore the biochemical distortion was one of hypochlornmic alkalosis and hypokahemia, without depletion of sodium. In my experience this biochemical syndrome in cases of pylcric stenosis is less common than might be expected considering that loss of gastric acid is presumably an ineluctable part of the condition. There are three possible reasons for this: first, constant nausea may inhibit the secretion of free acid by the stomach, so that the loss of acid is not so great as might be supposed; second, the vomitus may contain large amounts of mucus which has a high sodium content, so that the loss of sodium parallels that of chloride, and the patient presents with what is in my experience more common, a mixed sodium and water depletion; third, these patients, and this applies especially to those with pyloric stenosis due to carcinoma, maynot have a very high gastric acidity to start with.
The first necessity for treatment in this patient was to repair his chloride depletion, and with it as far as possible to correct the potassium depletion. Ideally one should give hydrogen ions with the chloride in such a case, since the alkalosis depends largely on loss of these in the gastric secretion rather than upon loss of chloride, and in this man's case there was no apparent depletion of sodium, although it is likely that the initial plasma sodium concentration was falsely high due to hemoconcentration. Cooke and Crowley (1952) have described the use of a solution of ammonium chloride and potassium chloride for intravenous use. I have no experience of it, and had none at hand when this man was needing treatment, and in the event he received chloride in the form of sodium chloride.
Where there is coexistent hypokalkmia, the administration of sodium chloride generally will only partly correct the alkalosis, final correction of which can only be made with potassium chloride. I intended him to receive about 300 mEq. chloride in twenty-four hours, but the infusion was speeded up during the night, because he was not improving clinically, and by the end of the first twenty-four hours he had received 500 mEq. chloride (Diagram 2), the ratio of sodium to potassium being 10:1. This flooding with sodium might well have been catastrophic in an elderly patient, in whom the nonnal processes of osmotic adjustment are not brought into play so quickly as in the young; I have seen two men in their seventh decade who received only 350 to 400 mEq. sodium in a twenty-four-hour period, who both died with peripheral circulatory failure. However, this patient did not die, though his plasma sodium concentration increased to 170 mEq./l., and his plasma chloride to 107 mEq./l., while his bicarbonate dropped to 30 mEq./l. The fall in bicarbonate was only temporary, and due to the expansion of the extracellular fluid space, partially accommodating excess chloride and diluting bicarbonate. In this initial period he retained 3 litres of water. On Day 2 the bicarbonate was back at 39 mEq/l ., and only became normal on Day 4, after which it remained normal.
The fact that the bicarbonate remained high during Days 3 and 4 was probably due to the fact that the potassium depletion had not yet been corrected.
Diagram 3 shows his potassium balance, and brings out one very inmportant point, which is that in disease renal conservation of potassium is poor, in contrast to the state of affairs in the healthy subject (Founman, 1952) .
During the first four days of replacement therapy the urinary loss of potassium equalled or exceeded the total input by all routes, and it was only on the fifth day that he went into positive potassium balance. This coincided with the correction of his alkalosis. The total negative balance in the first four days was -103 mEq. which in considering his total depletion should be added to the almost certainly negative potassium balance which had been accruing during the two months during which he had been vomiting before admission. During the first six days in hospital the potassium concentration of the gastric aspirate varied from 35 mEq./l. to 15-5 mEq./l. which gives some idea of the magnitude of the loss from this source alone.
Renal loss of potassium is aggravated in patients receiving massive infusions of sodium and this is well illustrated by comparing the sodium and potassium balances of Case II with those of Case I (Diagram 3). During the first four days of treatment Case II was in strongly positive sodium balance, and his renal loss of potassium was high, while Case I was in precise sodium balance during the corresponding period of her illness, and her urinary potassium loss was only a fraction of her input and of her total loss, the bulk of which was in the fluid drained from the fistula. But her renal conservation of potassium was sufficiently good to ensure that she remained in potassium balance during that period.
The treatment of potassium depletion need not necessarily be by intravenous infusion when a patient is likely to return to oral feeding within four or five days. If intravenous potassium is necessary, any sodium and water depletion must be treated first to re-establish as far as possible proper renal function, since it is dangerous to give potassium when there is a high blood urea concentration and/or a poor urine output.
For intravenous administration of potassium I use 25 ml. of a 4% (w/v) aqueous solution of potassium chloride which is added to 500 ml. of 6 % (w/v) dextrose, or 500 ml. of 0 18 % (w/v) sodium chloride and 4% (w/v) dextrose solution. This provides 13 mEq. potassium in 500 ml. solution at a concentration of 26 mEq./l. It is remarkable how little potassium is needed to relieve the symptoms of deficiency and how much is necessary to repair a depletion completely.
The diagnosis of potassium depletion can often be made from the end of the bed. The patient's face is slack, expressionless and immobile, with eyes half-closed; he speaks in a whisper and may volunteer that he feels very tired; he may complain of pain in the legs and arms, but I have never seen a case of paralysis, even when the plasma potassium was as low as 1 5 mEq./l. I have found that the electrocardiogram so rarely shows the characteristic tracing (Howard and Carey, 1949) that it is useless in diagnosis. It is uncommon to see a patient with unequivocal symptoms whose plasma potassium is more than 3 mEq./l. and this may or may not be accompanied by alkalosis.
A depletion which resists repair for more than fourteen days carries a grave prognosis. I have seen two women, one with carcinoma of the cervix treated by Wertheim's hysterectomy, the other with carcinoma of the cesophagus treated by cesophagectomy, both of whom developed extensive sepsis after operation, and who became profoundly depleted of potassium. Although they received large amounts of potassium both orally and intravenously, their plasma potassium concentrations remained below 2-5 mEq./l. On the twenty-first day of the depletion they developed diuresis, but the blood urea levels rose at the same time. On the twenty-third day they went into noisy delirium, and on the twenty-fourth day they died. At autopsy the kidneys showed the signs of healed tubular necrosis. Another patient, also a woman, who had carcinoma of the cervix treated by anterior exenteration showed the same clinical picture after operation and the same renal findings at autopsy. The time relations in the development of symptoms were singularly constant.
Conclusion.-A knowledge of the mechanisms by which the body accommodates itself to depletior or repletion of its ionic constituents, forms an essential and vital part of understanding of nutrition in this field. The effects of deficiencies of ions, and of their replacement are often dramatic, and the possibilities of accurate replacement with modern laboratory aids are almcst limitless provided always that one can anticipate the body's response.
cases of trauma and, more particularly, with burnt patients. While I realize that these form a separate group by the nature of their injury, they demonstrate general principles applicable to a much wider field. The following are some of the reasons why, in my opinion, continued nutritional care is important.
(1) It appears that it is possible to reduce the total amount of nitrogen loss and shorten the period of negative nitrogen balance and hence decrease the weight loss which accompanies it. I have not found that increased protein intake in this period merely increases the nitrogen excretion. As is known, it is not possible to eliminate the negative nitrogen phase, nor is it known if this be desirable. As Moore and Ball (1952) have stated, a transient nitrogen-negative period is not deleterious to the patient. Its prolongation by starvation may be fatal.
(2) In many cases weight-loss continues for a period far beyond that which can be explained by the nitrogen loss. This would appear to be due to no more than a caloric insufficiency. Further, when the caloric intake is inadequate the protein provided will be used, in part at least, to supply energy instead of to its much more important function of promoting tissue repair.
(3) In my experience the average patient's dietary intake in any surgical ward leaves much to be desired. I do not believe that this is an isolated finding confined to any one hospital. Even the hospital high protein diet, which I had assumed to be adequate, was shown by more detailed study not to be so. The figures given were, what the patient actually consumed was not. The prescribing of a high protein diet without knowledge of what it provides is to be condemned.
(4) Over a period of a month or longer an intake which may have been satisfactory in the first instance tends to become increasingly inadequate because:
(a) The nursing staff, perforce, no longer give the care and attention to feeding when the patient becomes one of the less seriously ill in the ward.
(b) The hospital diet tends to be monotonous. (c) The appetite, so frequently a reflection of the general condition, is often so poor that those who need a high intake most are disinclined to eat.
(d) In any patient who requires frequent anmsthesia the average intake will be considerably lowered by the negligible amount consumed in each post-operative period. To illustrate some of these points Fig. 1 is a brief summary of findings in 4 patients with burns. They form a reasonably comparable study from the point of view of their injuries; all had bums of the face, hands and forearms. They fell into two groups, however, as J. K. and H. B. required skin grafting of the hands, while N. Mc. and S. Z. did not. J. K. and S. Z. received an oral fluid supplement to the high protein diet of the hospital. The supplements were of two types, but both had a volume .of 600 c.c. and provided about 1,000 calories. That given to J. K. had a higher protein content. Cases H. B. and N. Mc. received no supplement.
Cases J. K. and S. Z. were in one ward, H. B. and N. Mc. in another.
The main points to note are:
(1) The difference in the ward protein intake in the two wards-88 grams in one, and 65 to 71 grams in the other. The only explanation which can be offered for this is the different attitude towards nutritional care of the ward sisters concerned.
(2) In such patients as these the levels of intake should probably be 1-5 to 2 grams of protein and 45 calories per kg. body-weight. It will be seen that total figures of protein and calories can be mis-leading, 71 grams protein and 1,956 calories might seem to be a reasonable intake, whereas, when related to intake per kg. only those receiving the supplement reached the desired levels.
(3) There is variation in weight-loss. (a) Case S. Z. showed no weight-loss and in this patient the negative nitrogen phase was of very short duration, despite the fact that the supplement provided little extra protein. Was it then that the protein given was available because of the sufficiency of calories from other sources, and that the caloric intake was adequate for weight to be maintained? (b) Similarly, was the much shorter duration of weight-loss in J. K., as opposed to that in H. B., due to his receiving an adequate caloric intake rather than to his extra protein intake? (c) There is little doubt that the low intakes in H. B. and N. Mc. following anaesthesia did much to bring down their average intakes, whereas in J. K. and S. Z. the supplements were acceptable and well tolerated in the post-anaesthetic period and did much to maintain average intakes at a higher level.
Any form of therapy which will hasten recovery and shorten the duration of hospital stay is important. I believe that adequate nutrition is such a form of therapy. REFERENCE MOORE, F. ]D., and BALL, M. (1952) The Metabolic Response to Surgery. Springfield, Illinois; p. 130. [April 30, 1954] MEETING AT Guy's HOSPITAL, LONDON, S.E.1 A Note on the Anatomy of the Anal Canal By A. G. PARKS, M.Ch., F.R.C.S. IN view of the many conflicting opinions which have been expressed in the last hundred years on the anatomy of the anal canal [1-6], I have made another study of the problem. This investigation has been limited to the superficial tissues of the region, no attempt has been made to examine the deeper parts of the external sphincter, or the levator ani.
Milligan, Morgan et al. [5, 6] described a depression occurring between the internal and external himorrhoidal plexuses which is apparent on clinical examination or at operation. The depression is found at the mucocutaneous junction where stratified squamous epithelium changes to stratified transitional epithelium; this is the line of the anal crypts. They ascribed the depression to the attachment of the longitudinal muscle of the rectum to the mucocutaneous junction and called this the anal intermuscular septum because it passed between the internal and subcutaneous external sphincters. It was said to divide the space between epithelium and muscle into two portions; the upper or submucous space contained the internal hwmorrhoidal plexus, the lower or perianal space contained the external haemorrhoidal plexus. The perianal space was bounded medially by the anal intermuscular septum and laterally was continuous with the ischiorectal fossa. 
